INTRODUCTION
The onset of lactation is very stressful for high-yielding dairy cows, due to metabolic adaptations that are necessary to support increased milk production (Bauman and Currie, 1980) . Since the postpartal period is characterized by negative energy balance (NEB), dairy cows mobilize large quantities of fatty acid from adipose tissue in order to meet energy demands (Hady et al., 1994; Markusfeld et al., 1997; Rukkwamsuk et al., 1999) . If nutrients and mobilized fat energy meet the increased energy demands, milk production is maintained, cows are healthy but they lose in body weight during the first weeks of lactation (Rukkwamsuk et al., 1999) . However, when energy demands for maintenance and milk production overcome the consumed energy and energy released by adipose tissue lipolysis, negative energy balance is profound and health disorders, especially fatty liver and ketosis, are usual (Gerloff, 2000) . Ketosis is a metabolic disorder which develops when dairy cows have a good appetite, but dietary energy is not sufficient for generous lactation. Ketosis is characterized by stagnation in milk production and loss in body condition during early lactation (Duffield, 2000) . Fatty liver is caused by increased and uncontrolled lipomobilisation that leads to accumulation of lipids in hepatocytes (Bobe et al., 2004) . A greater proportion of cows with high milk production that have been overfed during the dry period and obese during peripartal period have fatty liver. Syndrome called "fat cow syndrome" was described by Morrow (1976) and Morow et al. (1979) . It is well known that nutrition of high-yielding cows is primarily based on ad libitum intake of high-energy diets during early lactation. If this type of feeding is not restricted during late lactation and dry period the risk for appearance of obese cows in the population is high, especially if their service period is too long. Obese dry cows are more prone to metabolic disorders, especially fatty liver, during postpartal and early lactation period. Fatty liver is a disease with high incidence, since 30 to 60% of dairy cows in some populations have fatty liver in the first month after calving (Reid and Roberts, 1982; Bobe et al., 2004) . However, obesity in dry cows does not always lead to fatty liver indicating that there are risk factors other than obesity that predispose the cow to development of fatty liver (Grummer, 1993; Drackly, 1999; Bobe et al., 2004; [amanc et al., 2010) .
Body condition score (BCS) is a valid indicator of energy status of dairy cows, especially during the transition period when tremendous changes in energy metabolism occur (Drackley, 1999; Roche et al., 2010; Bewley et al., 2008; Bewley et al., 2010) . During the dry period body condition may be excessive, due to unrestricted feeding. Cows lose in body condition during early lactation due to NEB. As a result of NEB, cows have their lowest body condition score at approximately one to two months postpartum. Since BCS reflect energy balance during pregnancy and lactation, scientists strongly recommend scoring of cows as a useful and simple clinical indicator for evaluation of energy status in dairy cows (Roche et al., 2009; van Straten et al., 2009 ). Cows should be scored at least twice per year in order to avoid great oscillations in energy metabolism that may provoke fatty liver (Bobe et al., 2004; Grummer, 2008) . Obesity does not necessarily cause fatty liver, especially when cows adapt their feed intake to their milk production (Smith et al., 1997) . Regardless to that, body condition scoring should be used for balancing feed requirements for dairy cows during critical phases of productive-reproductive cycle in order to prevent metabolic disorders caused by uncontrolled lipomobilisation.
The aim of this study was to investigate the influence of body condition score determined at the dry period, puerperium and month 2 of lactation, as well as body condition loss during dry and early lactation period, on incidence and degree of fatty liver at early puerperium.
MATERIAL AND METHODS
One hundred dry cows that had yielded 7000 liters of milk or more per annum in the previous lactation were chosen from the commercial dairy herd and placed in the study. The cows ranged from 4 to 6 years of age. The cows were housed in a tie-stall barn. Ingredients and chemical compositions of the dry and early lactation cow diets are listed in Tables 1 and 2 .
Body condition scoring (using five-point scale with quarter-point divisions) was performed on 100 pregnant Holstein dairy cows by the same investigator using the system provided by Elanco Animal Health Buletin Al 8478. BCS was determined by palpation and careful visual examination. Cows were scored once for body condition during the dry period (prepartum day 30 ± 10), puerperium (postpartum day 7 ± 3) and at month 2 (± 5 days) of lactation. Results for BCS are presented as mean BCS and as digress from physiological values at examined periods. The physiological range of body condition scores for high-yielding Holstein cows is 3.25 to 4.00 (dry period), 3.25 to 3.75 (puerperium) and 2.50 to 3.25 (month 2 of lactation). Besides, body condition loss was determined as physiologically acceptable if loss was up to 0.7 between two consecutive phases of productive-reproductive cycles (dry period/puerperium and puerperium/month 2 of lactation) and up to 1.5 between puerperium and month 2 of lactation.
On day 12 after calving, liver percutaneous biopsies were obtained using a biopsy instrument following the method of Hojovcova and Kacafirek (1967). The biopsy was performed at the right 11th intercostal space, approximately 15 to 20 cm below the horizontal line through the tuber coxae. A medium-sized cannula (¬6 mm o.d. and ¬4 mm i.d; 20.5 cm long) surrounding a solid, retractable needle-pointed trocar was inserted through the intercostals muscles and peritoneum into the liver in the direction toward the left shoulder. After boring the cannula into the liver, a sample (3 to 5 cm long and 3 to 4 mm in diameter) was obtained through creating a vacuum by drawing back the trocar and then flexing the tip of the cannula upward and gently pushing forward. The liver sample was expelled onto a clean wipe, blotted free of blood, and placed into storage vials that contained 10% buffered phormaldehyde solution for fixation. Liver tissue lipid content was determined. For pathohistological determination of lipids, sections were made using a freezing microtome and stained with Sudan III. Lipid content in the hepatocytes was determined through computer image analysis (Software Q Win). Cows were divided into three groups based on the degree of lipid accumulation in the liver: mild fatty liver (<10% fat), moderate fatty liver (10 to 30% fat), and severe fatty liver (>30% fat). 
RESULTS
Results of the content of lipids in the liver in cows (n=100) showed that 50% of cows had mild fatty liver (3.92±3.33% fat), 33% had moderate fatty liver (19.28±5.18% fat), and 17% had severe fatty liver (36.21±4.55% fat).
The mean body condition scores of examined cows (n=100) at dry period, puerperium and month 2 of lactation are presented at Table 3 . From table 3 it can be seen that average body condition scores at dry period and month 2 of lactation were within the physiological ranges, while the value at puerperium was slightly under recommended physiological values for this phase of productive-reproductive cycle. Besides, mean body condition scores at puerperium and month 2 of lactation were significantly lower than at dry period (p<0.001 respectively) and BCS at month 2 of lactation was significantly lower than at puerperium (p<0.001).
Body condition losses were within physiological range: 0.61 points between dry period and puerperium; 0.28 points between puerperium and month 2 of lactation; 0.89 points between dry period and month 2 of lactation.
According to body condition loss, cows were divided into two groups: the moderate condition loss group and the marked condition loss group. Percents of cows with marked body condition loss (over 0.7 points between two consecutive phases of productive-reproductive cycles and over 1.5 points between puerperium and month 2 of lactation) are presented in Table 4 . Highest occurrence (38%) of marked condition loss was determined between dry period and puerperium, while the lowest (8%) was determined between puerperium and month 2 of lactation. These data suggests that marked condition loss has happened at the onset of lactation.
Distributions of individual body condition scores for all examined periods are shown in Figures 1, 2 and 3 .
Analyses of Figures make a complete picture of body condition scores in the population, since Figures make a point on the direction of digression from physiological values ("shift to the left" refers to values that are lower than physiological; "shift to the right" refers to values that are higher than physiological). At dry period, 39% cows had BCS out of physiological range, in which 15% had lower and 24% higher values (obese cows) than recommended. During puerperium, 49% cows had BCS lower than physiologically accepted, while at month 2 of lactation only 9% of cows had BCS out of physiological range. Data for BCS were grouped according to fatty liver degree in cows (mild, moderate and severe) in order to get a better picture about the relationship between BCS and fatty liver (Table 5 ). Only dry cows with severe fatty liver had BCS higher than physiological values, meaning that they were obese (Table 5 ). Body condition losses were, as expected, highest in cows with severe fatty liver: 0.85 (dry period/puerperium), 1.28 (dry period/month 2 of lactation) and 0.43 (puerperium/month 2 of lactation).
The percents of cows that had marked condition loss within groups with different fatty liver degree are shown in Table 6 . Marked losses in body condition were more often in cows with severe fatty liver than in cows with moderate and mild fatty liver. Additionally, in most cases marked changes in body condition were detected between the dry period and puerperium cows with moderate and mild fatty liver showed a similar trend.
Distributions of individual body condition scores for cows with different fatty liver degree and at different stages of productive reproductive cycles are presented in Figures 4 to 12 .
It can be seen from Figures 4, 5 and 6 that 12% of dry cows with mild, 21.21 % dry cows with moderate and 67.72% dry cows with severe fatty liver had body condition higher than physiologically recommended ("shift to the right").
"Shift of body condition to the left" was detected in 62% of puerperal cows with mild, 45.45% of cows with moderate and 17.64% of cows with severe fatty liver ( Figures 7, 8 and 9 ). Finally, distributions of individual body condition scores at month 2 of lactation were similar in all three groups of cows ( Figures 10, 11 and 12 ) with a note that the percent of cows with body conditions that were out of the physiological range was lowest in the group of cows with mild fatty liver. Our previous work showed that incidence of fatty liver on two dairy farms in Serbia was 18.33% and 43.32%, respectively ([amanc et al., 2008 ). At farm with higher incidence of fatty liver, marked digresses of body conditions from physiological values were detected in late lactation and dry cows. It is well known that obese dry cows have a greater decrease in feed intake around calving, and therefore, have a pronounced negative energy balance which leads to severe fatty liver (Morrow, 1976; Jorristma, 2003; Stockdale, 2001 ). Namely, in obese cows (BCS>4), lipolysis of adipose tissue is more intensive than in the cows with normal BCS (Rukkwamsuk et al., 1998) . Our results showed significant difference between body conditions at dry period and puerperium, puerperium and month 2 of lactation and dry period and month 2 of lactation (Table 3) . These findings are in accordance with the change in energy balance during the transition period which continue until month 2 of lactation i.e. until energy balance is established again. Namely, onset of lactation is characterized by negative energy balance which is followed by marked body condition loss (Jorristama et al., 2003; Rukkwamsuk et al., 1999) .
However, some authors indicate that obesity does not necesserally cause fatty liver, especially when cows adapt their feed intake to their milk production (Smith et al., 1997) . Even more, it is an open question if fatty liver can occure in cows with body condition score lower than 2.5 points around calving, since those cows have not stored excesive lipids in the body (Bobe et al., 2004) . It is not unusual that average body condition scores are within the physiological range, but health problems in cows indicate disturbance in energy metabolism. That was the case in this stauy, since average body condition scores for all examined cows at three periods were not out of the physiological range (Table 3) , although data for the percent of liver fat indicated that disturbance of energy metabolisam in cows occures, since 50% of cows had moderate or severe fatty liver. That was the main reason why we analized body condition of cows in detail. By analyzing body condition losses between different phases of productive-reproductive cycle, as well as the distribution of individual body conditions within different phases of cycles, we tried to estimate the possible relationship between these indicators and fatty liver. According to Kim and Suh (2003) and [amanc et al. (2008) physiologically accepted loss in body condition between two consecutive phases of productive-reproductive cycles (dry period/puerperium and puerperium/month 2 of lactation) is up to 0.7 and up to 1.5 between puerperium and month 2 of lactation. It may be seen from table 4 that as much as 38% of cows had marked body condition loss between the dry period and puerperium, while 20% of cows had marked body condition loss between dry period and month 2 of lactation. This indicates that difference in body conditions between different phases of cycles may be used as an additional, ease to use, diagnostic indicator for assessment of energy status of cows.
Interesting conclusions can be made when data for body conditions are presented as distribution of individual values for cows (Figures 1 to 3) . Regardless that average body condition scores were within the physiological range, individual values for body condition in the dry period and puerperium were, in a significant percent, out of the physiological range (39 and 49% respectively).
In our study, we presented data for average BCS, body condition loss and distribution of individual values separately for cows with different fatty liver degree (mild, moderate and severe). Only dry cows with severe fatty liver had body condition score higher than physiologically acceptable. All the other values were within physiological (Table 5) .
In cows with severe fatty liver, marked loss in body condition appeared more often then in cows with moderate and mild fatty liver, especially between the dry period and puerperium (76.47% of cows). These results indicate that intensive lipomobilisation starts early around calving, before milk production encasement. It is possible that severe fatty liver develops during the last days of pregnancy (Gerloff et al., 1986) . Additionally, results indicate that, besides nutrition and body condition, other risk factors are involved in etiology of fatty liver (Bobe et al., 2004; [aman et al., 2010) .
Analyzing data for distribution of individual body condition scores it can be noticed that only 12% cows with mild fatty liver were obese during the dry period ("shift to right"), while that percent was 64.71 for dry cows with severe fatty liver (Figures 4 and 6 ). It can be concluded that in more than half of the cases (64.71%) obesity may cause fatty liver. In other cases, other etiological factors may be included (Grummer, 1993; Katoh, 2002; Kapp et al., 1979; Jorristma et al., 2000; Goff and Horst, 1997; [amanc et al., 2010) . At month 2 of lactation distribution of individual values for body condition was very similar between cows with a different degree of fatty liver, indicating that most intensive lipomobilization is close to calving. If lipomobilization is too high it may lead to fatty liver.
In conclusion, average body condition score is a valid indicator of energy status of dairy cows, and should be used in everyday practice due to its simplicity. Besides, body condition loss should be used as an additional diagnostic tool for determining energy status of dairy cows, especially loss between dry period and puerperium, since it may indicate on early lipomobilisation which probably starts before calving (Bobe et al., 2004) . Our results indicate that severe fatty liver is associated with obesity in dry cows and mark body condition loss between dry period and puerperium. For valid assessment of energy status of dairy cows, it is strongly recommended to analyze the distribution of individual values for body condition at different phases of the productive-reproductive cycle, since it may indicate on percent of cows with body condition scores out of physiological range ("shift to left" and "shift to right"). Finally, our results indicate that there is a strong association between average body condition score and body condition loss on fatty liver degree but that, in some cases, factors other than body condition cause fatty liver. These other risk factors are not yet clearly determinate and should be a subject of further investigations.
